584                         ON  THE BEHAVIOUR  OF IRON  AND  STEEL                        [141
At this stage recourse was had to the "method of multiplication" in order to increase the sensitiveness*. A pendulum was adjusted until its swings were synchronous with those of the suspended needle. It was then easy to make and break contact in such a way as to augment the swing due to any outstanding force. Thus, when a = 1000, the swing was increased by the use of the timed contacts and ruptures (+) until it measured 26 divisions instead of 5 only. But a similar series of operations with reversed currents (-) caused no swing amounting to -^ division; so that we may consider the compensation proved to be still perfect to about 1 per cent.
In applying the method to still smaller forces we cannot avoid a loss of sensitiveness. With a =100, (+) gave 3 divisions, while the effect of (-) remained insensible. The correctness of the compensation is thus verified to about 6 per cent, of the separate effects. Had the iron, even at this stage, refused to accept magnetization, the fact would have manifested itself by the equality of the swings obtainable in the two ways, (+) and (-), of making the connections.
In the last case mentioned the current was 10~7 c.G.s., and the magnetic force was 4 x 10~5 c.G.s. We may therefore regard the proportionality of magnetic induction to magnetic force over the range from %H to j^ff as an experimental fact. In view of this, neither theory nor observation gives us any reason for thinking that the proportionality would fail for still smaller forces.
Quite similar results have been obtained with steel. On December 13 a piece of drill steel (unannealed) was examined, the delicacy of the apparatus, as evidenced by the (+) effect, being about the same as in the above experiments on hard Swedish iron. No failure of proportionality could be detected with forces ranging from about %H to ^^fa^H.
Annealed  iron is a much  less satisfactory subject.    With unannealed
* The advantage of the method of multiplication seems to be hardly sufficiently appreciated. It is not merely that the effect is presented to the eye in a, magnified form. That object can be attained by optical appliances, and by diminishing the directive force upon the suspended parts, whether by using a nearly astatic system of needles, or by compensating the field. For the most part these devices augment the unavoidable disturbances (which exhibit themselves by a shifting zero) in the same proportion as the effect to be measured, or at any rate rendered apparent. The real ultimate impediment to accuracy of measurement is almost always the difficulty of distinguishing the effect under examination from accidental disturbances, and it is to overcome this that our efforts should be directed. The method of multiplication is here of great service. The desired effects are largely magnified, while the disturbances, which are not isoperiodic with the vibrations of the needle, remain unmagnified, and therefore fall into the background.
It is obvious that, in order to secure this advantage, the vibrations must not be strongly damped. No doubt a highly damped galvanometer-needle is often convenient, and sometimes indispensable. But it seems to be a mistake to use it where a null method is applicable, and when the utmost delicacy is required. In such a case the inertia of the needle, and the forces both of restitution and of damping, should all be made small. \
